In this paper, the development of a pulse stability measurement device is presented. The measurement accuracy is better than 2S0uV, about 4.2ppm of a typical 60V input pulse. Pulse signals up to +/-80V peak can be The frequency response of the device is characterized by the measured cutoff frequency of about 6.SMHz.
I. INTRODUCTION
The Linac Coherent Light Source (LCLS) at SLAC requires very tight control of the klystron RF phase jitter [1] . The RF phase jitter is directly related to modulator output pulse amplitude stability [2] . The linac PFN modulators operate up to 120Hz with an output voltage of about 3S0kV. The pulse flat-top is nominally 3.6us. The goal for modulator pulse amplitude jitter is less than 30ppm rms. A pulse stability measurement device is required to measure ppm-level pulse amplitude stability.
Short-term stability is very important to LCLS operation; long-term drift can be corrected with RF feedback.
II. MEASUREMENT DEVICE
A. Pulse Stability Measurement Scheme Figure 1 shows the pulse stability measurement scheme. The output standard deviation is less than 250uV at all input voltages, which indicates the measurement system accuracy is better than 250uV from -80V to +80V.
B. Device Frequency Response
A 10V peak-peak sine wave signal from a SRS DS345 function generator was used to measure the frequency response of the device. Figure 6 shows the measurement at 1MHz without offset. Ch I is input signal; Ch4 is output signal. Figure 6 . Frequency response at 1MHz without offset Figure 7 is the amplitude response of the device; Figure   8 is the phase response of the device. Also in Figure 7 and 8 are the frequency response with +60V and -60V offset.
The offset signal was provided by the Fluke Calibrator. Figure 9 is the circuit used for the frequency response measurement with DC offsets. AI: 1 transformer was used to add an AC signal on top of a DC offset.
One can see from Figure 7 that the 3dB cutoff frequency of the pulse stability measurement device is about 6.5MHz with or without DC offset. modulators, but still need improvements to achieve the 30ppm goal. Clearly, not all linac modulators are performing at the same pulse stability level.
Linac modulator pulse stability at 120Hz is worse than that at 60Hz. Modulator 21-1, 28-1 and 28-3 show a "two stage" signal at 120Hz. This is a repeated effect which can be effectively compensated by the RF feedback system. It originates from the power-line derived SLAC timing system. Figure 10 shows the pulse stability of modulator 28-1 at 120Hz.
DC offset 
V. SUMMARY
A pulse stability measurement device was developed at SLAC with accuracy better than 250uV, which is about 4.2ppm of a typical 60V input pulse. Pulse measurement range is from +SOVpeak to -SOVpeak, at higher input pulse voltage the relative measurement accuracy is increased. The measured cutoff frequency of the device is about 6.5MHz. It is a very useful tool for measuring and improving modulator pulse stability.
VI. ACKNOWLEDGEMENT
The authors would like to thank Patrick Shen for his contribution of the pulse stability measurement device development.
